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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



CD £J 
CO ^ ' 



In re application of : Attorney Docket No. Plovin 1 -A =x 7> 



3» 



Wolfgang HEIL et al. : Examiner: M. Bahar c=> .---:o 

Serial No.: 09/654,227 ! ' Group: 1617 S'3 

Filed: August 31, 2000 j ' ' ^ £ 

For: PHARMACEUTICAL COMPOSITION FOR USE AS A CONTRACEPTIVE 

i 

DECLARATION UNDER 37 C.F.R. §1.132 

SIR: 

1 . I, Ralph Lipp, being duly warned, declare that: 

2. I am a citizen of Germany, residing in Berlin, Germany. 

3. I am an inventor of the above-captioned application and am, therefore, familiar with 
the invention described therein, I am an employee of the assignee, Schering AG, Berlin, 
Germany. Under German law, I receive royalties from the commercial sale of products 
covered by this application. 

4. Please find attached (as Appendix C) my curriculum vitae showing my expertise in 
the area of pharmaceuticals. 

5. I have read the Office Action mailed May 7, 2002, from the U.S. Patent and 
Trademark Office, and the references cited therein. 

6. I do not consider that one of ordinary skill in the art would have been motivated by 
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the cited Gast references (WO 98/04267 and 98/04269) or any other prior art of which I am 
aware to use drospirenone in micronized form for oral administration according to our 
invention. 

7. I respectfully disagree with the statements in the Office Action that: a) it would have 
been obvious to one of ordinary skill in the art at| the time the invention was made to employ 
drospirenone in micronized form, b) micronization of drospirenone would have been 
expected to increase its rate of dissolution in vitro, c) one of ordinary skill m the art would 
have been motivated to employ any known pharmaceutical actives in micronized form merely 
because variations or optimizations of the dosage regimens are considered within the skill of 
the artisan, or d) one of ordinary skill would have expected a priori that micronization would 
result in increased bioavailability of drospirenone. 



m a 

to 



8. Bioavailability of a drug is affected by many factors. Merely providing a drug 
form which exposes more available surface area of the drug cannot reasonably be expected 
increase bioavailability or otherwise be advantageous in all cases. Micronization in many 
cases increases the solubility of a drug, but this is not true in all cases. (See, e.g., Appendix 
B, References 1 and 2). Moreover, solubility and bioavailability do not necessarily 
correspond. When drugs are subject to degradation in an environment upon dissolution, for 
example, in the gastric (acidic) environment for orally adrninistered drugs, increasing their 
solubility would logically be expected to lessen bioavailability. 

9. Some drugs have instability in certain environments which leads to their degradation, 
e.g., conversion to inactive derivatives, isomers, etc. Such drugs may need to be protected 
from destabilizing environments so that degradation is prevented or limited until they reach 
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an environment in which they are stable and can become bioavailable more effectively, For 
example, the reported low bioavailability of etoposide upon oral administration was thought 
to be due, at least in part, to chemical instability at P H 1 .3, i.e., the typical acidic pH in the 
human stomach. Etopside has a degradation half-life of about 2.9 hours at pH 1 3. See 
attached Appendix B, Reference 3, 

i 

! 

10. References 1-2, and 4-10 in Appendix B show that micronizatiln of other drugs does 
not necessarily lead to increased bioavailability over other forms or can be detrimental to 
bioavailability. 



11. It is well known in the art that orally administered drospirenone has to pass through 
the stomach and into the intestine to be taken up in a bioavailable manner but one of ordinary 
skill in the art knew that drospirenone was a drug which had instability in acidic media, i.e., it 
isomerizes to an inactive form under conditions well known to exist in the acidic stomach. 
See Nickisch et al., Tetrahedron Letters, vol. 27, no. 45, pp. 5463-5466 (1986), translated 
copy attached. On page 2 of the translation, it is shown that the isomerization results in 
predominantly (8:2 ratio) the inactive isomerization product in a pH 1 environment such as 
the stomach. We have further demonstrated that micronized drospirenone has a short 
degradation/isomerization half-life of about 30 minutes at P H 1, i.e., the isomerization is fast. 
See attached Appendix A, part 1, showing that when micronized drospirenone is exposed to 
an acidic environment of pH 1, in vitro, about 50% of the active form of drospirenone is 
isomerized to its inactive form within 31 minutes. Thus, if providing drospirenone for oral 
administration in micronized form could have been expected to increase its solubility, as 
suggested by the Examiner in the Office Action, such increased dissolution would have been 
expected by one of ordinary skill in the art to expose more of the drospirenone to rapid 



10-MAR-2003 17=58 



SCHERING AG PRTENTE 



+49 30 46812058 



S.05 

! 



isomerization to its inactive form in the stomach. See also Figure 1 of the captioned 
application for a comparison of the in vitro dissolution profiles for micronized (curves VI 
V7) versus macrocrystalline (curve V8) drospirenone. Accordingly, one of ordinary skill 
the art would not have been motivated to provide orally administrate doses of drospirenone 
in micronized form, as recited in the claims of the above-captioned application. 



in 



12. In summary, based on the above-established facts, one of ordinary skill in the art 
could not have been motivated to provide and use drospirenone in micronized form as a drug 
for oral administration. There would have been no reasonable expectation by one of ordinary 
skill in the art that micronization would increase its bioavailability. The teachings in the art 
that some drugs can be advantageously administered in micronized form would not be 
considered by one of ordinary skill in the art to be applicable to all drugs, particularly not to 
drugs as acid sensitive as drospirenone, especially in view of its known isomerization to an 
inactive form under acidic conditions. Thus, one of ordinary skill in the art would not have 
been motivated to modify the teachings of the prior art - including the Gast references - to 
micronize drospirenone. 

13. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the United 
States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 



Dated: , — , ~ . , - - Signed 
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Dr. Ralph Lipp 
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append; 

The half-life of itiicronized drospirenone c uriig dissolution testing at various pH 

i 

values is presented. The definition of the half-life relates to the time after which the starting 

i 

concentration of the active form of micronized dn spirenone is reduced to 50% because of 
isomerization into its non-active isomer. ; f 



Results: 



pH value 


Half-life of micronized 
drospirenone 


1 


31 min 


2 


4.7 h 


3.5 


~50h 


5 


= 75 h 


7 


-75 h 



The data clearly indicate that the micronized drospirenone is dramatically degraded at 
low pH values present in the gastric environment. This would direct the person of skill in the 
art away from orally administering micronized drospirenone. 
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APPENDIX B 



1. Development of a new tablet formulation of theophylline: In vitro and in vivo studies : 
Montel et al.; Drug Development and Industrial Pharmacy, (vol. 9 (3), pp. 399-420, 1983. 
Abstract 

" Studies on dissolution rate showed that the release of theophylline from tablet A 
(theophylline of commercial quality) and tablet Bj (theophylline of selected particle 
size) was faster than from tablet C (micronize^ theophylline)... The in vivo study 

showed that only tablet B has the same bioavailability as an aqueous solution, whilst 

i 

bioavailability of tablet A and tablet C was lo^er than that of tablet B and the aqueous 

i 

solution- " 



2. Dissolution properties and in vivo behavior of triamterene in solid dispersions with 
polyethylene glycol : Arias et al; Abstract of Pharm-Acta-Helv., (vol. 71, no.4, pp. 229- 
235 (1996)). 

Abstract 

"Relative bioavailability... was greater for all of the solid dispersions than micronized 
triamterene." 

"Dissolution efficiency in 30 min, (DE30) increased from 9.84% for micronized 
triamterene to 18.5-58.2% for physical mixtures and to 25.26 to 86.17% for solid 
dispersions." 
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3, Prefoimulation study of etoposide: Identification of physicochemical characteristics 
responsible for the low and erratic oral bioavailability of etoposide; Shah et ah; Abstract of 
Pharmaceutical Research, vol 6, 408-412, May 1989. 
Abstract 

"It was concluded that the low equilibrium aqueous solubility, slow intrinsic 
dissolution rate and chemical instability at pH 1.3 may account for the low oral 
bioavailability." 

4. Phase I and pharmacokinetic study of micronized formulation of 
carboxvamidotriazole, a calcium signal transduction inhibitontoxicitv. bioavailability 
and the effect of food : Berlin et aL; Abstract of Clinical Cancer Research, 2002, Vol. 
8(1); pp. 86-94. 

Abstract 

"The micronized formulation was absorbed more slowly than the gelcap formulation." 

5. Efficacy and safety of reformulated, micronized glvburide tablets in patients with 
non-insulin dependent diabetes mellitus: a multicenter. double-blind, randomized 
trial : Carlson et aL; Abstract of Clinical Therapeutics, 1993, Vol. 15(5), 788-96. 

Abstract 

"In a double-blind 12-week study, the subjects were randomly assigned to continue 
receiving 5-mg tablets of original [non-micronized] glyburide [in doses of 5, 10, 15, 
or 20 mg daily] or to substitute 3-mg tablets of reformulated, micronized glyburide 
Glyburide tablets had been reformulated [by micronization of the active agent] to 
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improve their bioavailability... The differences [in serum glucose levels] between 
groups were not significant." 

6. About a Pharmacokinetic Study of Progesterone in Comelts : Duclos et al. 3 Abstract of 
Eur. J. Metab. Pharmacokinetic', 15(2), SuppL, Abstr.226, 1990. 
Abstract ' 

"In vitro dissolution rate of progesterone was faster from PEG 600 solid dispersions 
than from micronized progesterone/' 

"...solid dispersions gave higher Cmax, earlier Tmax, and increased 8-hour AUC" 



7. Bioavailability of griseofulvin from a novel capsule formulation : Fell et al.; Abstract 
of The Journal of Pharmacy and Pharmacology, 1978, 30(8), 479-82. 

Abstract 

"The in vivo availability of griseofulvin from a novel formulation has been compared 
with the micronized powder... .The results of the in vivo study show the formulation 
technique has increased the rate and extent of bioavailability of griseofulvin when 
compared with non-treated (micronized) powder." 

8. Lvonhilized Preparations of Griseofulvins. 2nd Communication. In vivo release : 
Froemming et al.; Abstract of Pharm. Ind. y 48(7) 5 1986, 837-40. 

Abstract 

"Bioavailability of p.o. freeze-dried griseofulvin (GF) was greater than that of ... 
micronized GF." 
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9. Comparison of galenic foimulations of orlistat (tetrahvdrolipstatin). A 
pharmacological approach . Hartmann et al., Abstract of Drug Investigation, 1993, 
5(1), 44-50. 

Abstract 

"...capsule formulations containing orlistat as micronized powder (A) or granules (B) 
were compared using the following pharmacological end-points..."; "At the 150 mg 
dose (B) showed a trend toward superior efficacy compared with (A). 11 

10. Pharmacokinetics and bioavailability of diltiazem . Kohno et al,, Abstract of 
Arzneimittel Forschung, 1977, 27(7), 1424-1428. 

Abstract 

"In the bioavailability study, a comparison of plasma concentrations of diltiazem 
between the two different crystals and the micronized powder resulted in no 
difference in their bioavailability." 
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Appendix C 



Curriculum Vitae for Priv. -Doz. Dr. Ralph Lipp 

Born: 12 May 1960 in Weiterstadt, Germany 
German citizen 
Married, two children 

Elementary and high school 
High school Graduate 

Basic military service 

Pharmaceutical Chemistry studies at the University of Mainz 
Practical studies in Pharmacy in Weiterstadt 
Practical studies in Rohm Pharma, Weiterstadt 
Pharmacist graduate 

February 1990 Graduation as Doctor in Natural Science at the Free University of Berlin under 

the guidance of Prof. Dr. Dr. Dr. h. c. W Schunack 

2000 International Executive program, INSEAD, Fontainbleau, France 

2001 Lecturing exam at the Department of Pharmaceutical Technology at the University of 

Berlin 

2001 Advanced Management Program at Harvard University 

Employment Record 

85-90 Researcher at the Free University of Berlin in "Instrumental Analysis" and "Drug 

Formulation 11 

90-96 Leader of the scientific work group "Dermal and Transdermal Drug Substance 

Applications" at Schering AG 

Since April 1 992 Teachers representative at the Department of Pharmaceutical 

Technology at the Free University of Berlin 
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Basic studies 

1966-79 

June 1979 



Military service 
July 1979- 
September 1980 



Higher education 

1980-84 

1984 

84-85 

85 



96- 98 Head of the group "Drug delivery systems- transdermal systems" at Schering 

97- 2001 Head of Oral Dosage Forms at Schering 

Since June 1999 Production manager for clinical test products at Schering AG 
Since 2001 Head of Pharmaceutical Development at Schering AG 

Professional memberships 

ENSEAD 
Harvard 

Member of the German Pharmaceutical chemist's society 
and another pharmacist's society 

List of publications 

Posters and lectures 

1. J. Kleine-Tebbe, M. Bolz, R. Lipp, W. Schunack and G. Kunkel, Presence of 
histamine-Hj-receptors on human basophils, Poster, New Engl. Reg. Allergy Proc. 9, 
Abstract 276 (1988). 

2. R. Lipp, W. Schunack, J.-M. Arrang, M. Garbarg and J.-C. Schwartz, Synthesis and 
Hy antagonistic activity of N^-substituted histamine derivatives, 10th International 

Symposium on Medicinal Chemistry, Poster, Abstract P-l 19, Budapest (Hungary) 15 - 
18.8.1988. 

3. J. Kleine-Tebbe, J. Schramm, R. Lipp, W. Schunack and G. Kunkel, Influence of 
histamine-Hj- antagonists on human leukocytes, 18th Meeting of the European 
Histamine Research Society, Poster, Abstract 119, Breda (Netherlands), 17.-20.5.1989. 

4. W. Schunack, S. Elz, F. Keller and R. Lipp, Chirale Agonisten and Antagonisten des 
Histamin H2- and HyRezeptors. 7. Symposion "Potentielle Arzneistoffe", Lecture, 
Erfurt (Germany), 24.-26.4.1990. 

5. H. Stark, R. Lipp, W. Schunack, J.-M. Arrang, N. Defontaine and J.-C. Schwartz, 
Structural variations outgoing from N^-acylated histamine derivatives and their 
influence on H ^-antagonistic activity, New Perspectives in Histamine Research, 
Satellite symposium of the Xlth International Congress of Pharmacology of IUPHAR, 
Poster, Noordwijkerhout (Netherlands), 6.-8.7. 1990. 

6. J.-M. Arrang, M. Garbarg, J.-C. Schwartz, R. Lipp, H. Stark, W. Schunack and J.-M. 
Lecomte, The histamine Hyreceptor: Pharmacology, roles and clinical implications 
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studied with agonists, New Perspectives in Histamine Research, Satellite symposium of 
the Xlth International Congress of Pharmacology of IUPHAR, Lecture, 
Noordwijkerhout (Netherlands), 6.-8.7. 1 990. 

7. R. Lipp, J.-M. Arrang, J. Buschmann, M. Garbarg, P. Luger, W. Schunack and J.-C. 
Schwartz, Novel chiral H preceptor agonists, New Perspectives in Histamine Research, 
Satellite symposium of the Xlth International Congress of Pharmacology of IUPHAR, 
Lecture, Noordwijkerhout (Netherlands), 6.-8.7.1990. 

8. J. Kleine-Tebbe, J. Schramm, M. Bolz, H. Gagne, C. Josties, R. Lipp, A. Friese, H. 
Stark, V. Zingel, A. Buschauer, W. Schunack and G. Kunkel, Influence of histamine 
Hj-, H2-, H3- (antagonists on IgE-mediated histamine release from human basophils, 
Poster, International Allergy Congress, Munchen (Germany), 1990. 

9. H. Stark, R. Lipp, W. Schunack, J.-M. Arrang, N. Defontaine and J.-C. Schwartz, 
Synthese and Aktivitdt neuer Histamin H^-Antagonisten, Scientific congress of the 
Deutsche Pharmazeutische Gesellschaft (German Pharmaceutical Society), Poster, 
PA19, Berlin (Germany), 8.-12.9.1990; Arch. Pharm. (Weinheim) 323, 729 (1990). 

10. R. Lipp, J.-M. Arrang, J. Buschmann, M. Garbarg, P. Luger, W. Schunack and J.-C. 
Schwartz, Synthese, Molekulstruktur and Hyagonistische Aktividt 
seitenkettenverzweigter Histamine, Scientific congress of the Deutsche 
Pharmazeutische Gesellschaft (German Pharmaceutical Society), Lecture, DA32, 
Berlin (Germany), 8.-12.9.1990; Arch. Pharm. (Weinheim) 323, 658 (1990). 

11. H. Stark, R. Lipp, W. Schunack, J.-M. Arrang, M. Garbarg and J.-C. Schwartz, H3- 
Activity of alkylated histamine derivatives, XXth Meeting of the European Histamine 
Research Society, Poster, P44, Marburg (Germany), 9.-12.5.1991. 

12. H. Stark, R. Lipp, W. Schunack, J.-M. Arrang, M. Garbarg, J.-C. Schwartz, 
Pharmacochemistry and histamine Hyactivity of alky [histamines, United Congress of 
the French and German Pharmaceutical Societies, Straflburg, France, 19.-22.9. 1991. 

13. H. Stark, J.-M. Arrang, M. Garbarg, A. Roleau, J.-M. Lecomte, R. Lipp, J.-C. Schwartz 
and W. Schunack, Prodrugs of histamine H^agonists for improved drug penetration 
through blood-brain barrier, Xllth International Symposium on Medicinal Chemistry, 
Basel (Switzerland), 13.-17.9.1992. 

14. H. Stark, J.-M. Arrang, M. Garbarg, A. Roleau, J.-M. Lecomte, R. Lipp, J.-C. Schwartz 
and W. Schunack, Prodrug approach for histamine Hj-agonists, 1st European 
Congress of Pharmaceutical Sciences, Amsterdam (Netherlands), 7.-9.10.1992. 

15. H. Stark, R. Lipp, J.-M. Arrang, M. Garbarg, A. Rouleau, J.-C. Schwartz and W. 
Schunack, New histamine H$-agonistic compoands penetrating into CNS, XXIInd 

Annual Meeting of the European Histamine Research Society, Poster, P72, Koln 
(Germany), 19.-22.5.1993. 
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16. R. Lipp, Selection and use of crystallization inhibitors for steroid loaded transdermal 
delivery systems, 40th Annual Meeting of the APV, Lecture, Abstract 114, Mainz 
(Germany), 9.-12. 3. 1994; Eur. J. Pharm. Biopharm. 40 (Suppl.), 85 (1994). 

17. R. Lipp, J. Riedl, A. Sachse and T. Schneider, Cyproteron acetate-containing 
liposomes for topical application, 2nd European Congress of Pharmaceutical Sciences, 
Lecture, FC6, Berlin (Germany), 29.9.-1.10.1994; Eur. J. Pharm. Sci. 2, 102 (1994). 

18. R. Lipp and A. Mtiller-Fahrnow, X-ray structure determinations of crystals grown in 
transdermal delivery systems containing estradiol or gestodene, American Association 
of Pharmaceutical Scientists Ninth Annual Meeting, Poster, PDD 7154, San Diego 
(CA, U.S.A.), 6.-10.11.94; Pharm. Res. 11, S-213 (1994). 

19. C. Gunther, R. Lipp, J. Riedl and U. Tauber, In vitro studies on the percutaneous 
absorption of Lisuride, Prediction of Percutaneous Penetration - Methods 
Measurements Modeling, Poster, La Grande Motte (France), 2.4.-6.4.1995. 

20. C. Gtinther, R. Lipp, T. Mager, J. Riedl and U. Tauber, Percutaneous absorption of 
lisuride in man, Prediction of Percutaneous Penetration - Methods Measurements 
Modeling, Oral Poster, La Grande Motte (France), 2.4.-6.4.1995. 

21. R. Lipp, H. Laurent, C. Gtinther, J. Riedl, P. Esperling and U. Tauber, Rational Design 
of Prodrugs for Matrix-type Transdermal Delivery Systems: Gestodene Esters, 
Symposium on Controlled Release of Bioactive Materials, Seattle 1995, Poster; 
Proceed. Intern. Symp.ControL Rel. Bioact. Mater., 22, 672 (1995). 

22. R. Lipp, Neue technologische Konzepte fur die EntMncklung sexualsteroidhaltiger 
Transdermalsysteme, Lecture, Freie Universitat Berlin, Berlin (Germany) 1995. 

23. R. Lipp, Transdermal Drug Delivery Systems, Lecture within the seminar: Medical 
Adhesives: Technology and Applications, Zurich (Switzerland), 2. - 4.12.1996. 

24. R. Lipp, Transdermal Drug Delivery Systems, Lecture within the seminar: Medical 
Adhesives: Technology and Applications, Basel, (Switzerland) 27.-29.10.1997. 

25. R. Lipp and C. Gunther, Use of Dimethylisosorbide to enhance the transdermal fluxes 
of sex steroids from polyacrylate based matrix TDDS, American Association of 
Pharmaceutical Scientists 13th Annual Meeting, Poster, San Diego (CA, U.S.A.), 15 - 
19.1 1.1998; Pharm. Sci. 1, (1998). 

26. A. P. Funke, C. Gunther, R. H. Mtiller and R. Lipp, Low-frequency sonophoresis of 
methyl nicotine at physiological skin temperature, Poster, PPP-MMM-Conference, 
2000. 

27. R. Lipp, Zukunftsweisende Darreichungsformen fur Proteine und Peptide, Lecture, 
Freie Universitat Berlin, Berlin (Germany) 12.02.2001. 

28. R. Lipp, Fortschritte bei steroidhaltigen Drug Delivery Systemen, Lecture, German 
Pharmaceutical Society, Berlin (Germany) 25.10.2001. 
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29. P. Lienau, T. Backensfeld, W. Weitschies and R. Lipp, The use ofphasediagrams in the 
formulation of self micro-emulsifying systems (SMES) with different types of nonionic 
surfactants, Poster, 4 th World Meeting on Pharmaceutics, Biopharmaceutics and 
Pharmaceutical Technology, Florence (Italy) 08.04.-1 1.04.2002. 



Printed publications 

1. J.-M. Arrang, M. Garbarg, W. Schunack, J.-C. Schwartz and R. Lipp, Composition 
pharmaceutique contenant des derives de Vhistamine, Demande de brevet europeen 
(Europ. patent application) 0 214 058 (1.9.1986); US patent 4 767 778 (30.8.1988). 

2. J. Altman, M. Wilchek, R. Lipp and W. Schunack, An improved synthesis of L- 
homohistidine, Synth. Comm. 19, 2069 (1989). 

3. J.-M. Arrang, M. Garbarg, W. Schunack, J.-C. Schwartz and R. Lipp, Derive de 
Vhistamine, sa preparation et son application en therapeutiques, Demande de brevet 
europeen (Europ. patent application) 4 767 778 (25.10.89). 

4. R. Lipp, Liganden des Histamin-HyRezeptors - Synthese and Wirkung von 

Imidazolylalkanaminen and Derivaten, PhD thesis, Freie Universitat Berlin, Berlin 
(Germany), 1990. 

5. J. Kleine-Tebbe, J. Schramm, R. Lipp, W. Schunack and G. Kunkel, Influence of 
histamine-H ^-antagonists on human leukocytes, Agents Actions 30, 137-139 (1990). 

6. H. Stark, R. Lipp, W. Schunack, J.-M. Arrang, N. Defontaine and J.-C. Schwartz, 
Structural variations outgoing from N^-acylated histamine derivatives and their 
influence on H ^-antagonistic activity, Agents Actions Suppl. 33, in "New Perspectives 
in Histamine Research", H. Timmerman and H. van der Goot (Editor), Birkhauser 
Verlag, Basel - Boston - Berlin, 1991. 

7. J.-M. Arrang, M. Garbarg, J.-C. Schwartz, R. Lipp, H. Stark, W. Schunack and J.-M. 
Lecomte, The histamine Hyreceptor: Pharmacology, roles and clinical implications 
studied with agonists. Agents Actions Suppl. 33, in "New Perspectives in Histamine 
Research", H. Timmerman and H. van der Goot (Editor), Birkhauser Verlag, Basel - 
Boston - Berlin, 55-67, 1991. 

8. R. Lipp, J.-M. Arrang, J. Buschmann, M. Garbarg, P. Luger, W. Schunack and J.-C. 
Schwartz, Novel chiral Hj-receptor agonists, Agents Actions Suppl. 33, in "New 
Perspectives in Histamine Research", H. Timmerman and H. van der Goot (Editor), 
Birkhauser Verlag, Basel - Boston - Berlin, 277-282, 1991 . 

9. J. Kleine-Tebbe, J. Schramm, M. Bolz, H. Gagne, C. Josties, R. Lipp, A. Friese, H. 
Stark, V. Zingel, A. Buschauer, W. Schunack and G. Kunkel, Influence of histamine 
H l> H 2-> Hy(ant) agonists on IgE-mediated histamine release from human basophils, 
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in "New Trends in Allergy IE", J. Ring and B. Przybilla (Editor), Springer Verlag, 
Berlin - Heidelberg, 152-157, 1991. 

10. M. Garbarg, J.-M. Arrang, W. Schunack, R. Lipp, H. Stark, J.-M. Lecomte and J.-C. 
Schwartz, Novel histamine Hyreceptor agonist compoands for therapeutic use, 
pharmaceutical compositions acting as agonist of said receptor and method of 
preparation, WO 91/17146 (14.11.1991); US patent 5342960 (30.8.1994). 

11. M. Garbarg, J.-M. Arrang, C. Llorens-Cortes, H. Pollard, A. Roleau, J.-C. Schwartz, M. 
D. Trung Tuong, R. Lipp, H. Stark, W. Schunack and J.-M. Lecomte, Autoreceptors 
and heteroreceptors evidenced by histamine Hj receptor ligands, in "Advances in the 
biosciences", Vol. 82 der Reihe: Presynaptic receptors and neuronal transporters, A. M. 
Galzin and J. Constantin (Editor), Pergamon Press, Oxford, 67-70, 1992. 

12. R. Lipp, H. Stark and W. Schunack, Pharmacochemistry of histamine H ^-receptors, in 

"The histamine receptor", J.-C. Schwartz and H. L. Haas (Editor), Wiley-Liss Inc New 
York, 57-72, 1992. 

13. J. Riedl, C. Gunther and R. Lipp, Mittel zur transdermalen Applikation enthaltend 
Ergolin-Derivate, German patent application DE 4 1 16 912 (26.1 1.1992). 

14. R. Lipp, J.-M. Arrang, M. Garbarg, P. Luger, J.-C. Schwartz and W. Schunack, 
Synthesis, absolute configuration, stereoselectivity, and receptor selectivity of(aR,$S)- 
a,a-dimethylhistamine, a novel highly potent histamine H3 receptor agonist, J. Med. 
Chem. 35, 4434-4441 (1992). 

15. J. Riedl, R. Lipp and M. Hartisch, Transdermal Therapeutische Systeme mit 
Penetrationsverstarkern, German patent application DE 4 210 165 (4.2.1993). 

16. R. Lipp, J. Riedl and J. W. Tack, Transdermal Therapeutische Systeme mit 
Kristallisationsinhibitoren, WO 93/08795 (13.5.1993). 

17. J.-C. Schwartz, J.-M. Arrang, M. Garbarg, J.-M. Lecomte, C. R. Ganellin, A. Fkyerat, 
W. Tertiuk, W. Schunack, R. Lipp, H. Stark and K. Purand, Nouveaux derives de 
Vimidazole, leur preparation et leurs applications therapeutiques, French patent 
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Summary: The different acid-cataiyzed rearrangements of l 5> 16-subs«itu«ed 17a- 
pregnene^l.n-carbolactonederivativesaredescribed. 

The search for ne« steroidal aldosterone antagonists with reduced 
endocrinous side effects . has been the subject of intensive efforts in therapy since the 
introduction of the spironolactone (7a-acerylthio-3-oxo-17a-pregn-4.ene-21.17- 
carbo.ac.one). ^a^^-^^^^^^^^ 

corticoida, action.' The tests performed in our laboratories provide, the resuU drat me 
aidosterone-antagonisnc action ofknow. compounds can be significantly increased by 
the anellationof a 15p,16|i-cyclopropanering. ! 

to our synthetic works in. Ms family of substances, we discovered a special 
reaction behavior of mis ^p.iep-memylenesprrolacU-ne, on which we would like to 
report here. In me ease of the final purificanon of several test substances from the series 



2 

of 15p,16p-methylenespirolactones, by-products were isolated that behave almost 
identically in terms of chromatography, and their UV and IR spectra are very difficult to 
distinguish from those of the main products. The nuclear resonance spectra of these by- 
products show a significant upfield shift of the 1 8-methyl group by about 0.2 ppm. This 
shift allows the conclusion that the 1 8-methyl group and the 17-lactone function are no 
longer both in p-position. All available spectroscopic data can be best explained with the 
presence of an isomeric spirolactone. An accurate test, under which conditions this 
isomerization occurs, provided the result that this is an acid-catalyzed reaction. Thus, I 
could be converted into an 8:2 mixture of 2 and I by treatment with 0.1N hydrochloric 
acid at room temperature within 3 hours. 3 

1 

The same mixture is obtained if 2 is treated under identical conditions. The 
product-ratio 8:2 of compounds 2 and i thus represents the thermodynamic equilibrium 
of the acid-catalyzed isomerization. This rearrangement can be explained 
mechanistically by the primary protonation of the lactone oxygen, which then results in 
the formation of a homoallyl cation 4 , which in addition is stabilized by the carboxyl 
group and can be attacked innermolecularly by the carboxylic acid from the top side or 
the bottom side with the formation of lactone rings. The a-attack is promoted because of 
the P-position of the 15,16-methylene ring and the 1 8-methyl group. 




3 




This rearrangement can be applied in general to 15p,16p-methylenespirolactones. 
Compound 4 thus can be produced from 3 in dioxane/2N H 2 S0 4 9:1 at 60°C. 5 




1 1 ' 4 



This isomerization can also be catalyzed by Lewis acids. The reaction of 3 with 
diethylaluminum cyanide in dichloromethane or benzene thus yields a mixture of 7- 
cyanides 5 and 6, while only 5 can be obtained when the more basic solvent THF is used. 




If the isomerization is tested under conditions (acetic acid/concentrated HC1 1:1) 
that yield A 13 -17,17-dialkyl compounds starting from 1 7cc-alkyltestosterone derivatives 
with migration of the 18-methyl group, a mixture of isolactone 7 and an acid 8 is 



obtained whose structural detemiination was possible only after esterification with 
diazomethane. 7 



COOH 





The formation of 7 and 8 can be explained with the nucleophilic chloride attack 
on the primary formed homoallyl cation. To test the influence of the 15p,16p- 
cyclopropane ring on the rearrangement, spirolactone 9 that is unsubstituted in 15,16- 
position was subjected to the acid-catalyzed rearrangement conditions. If compound 9 is 
reacted under standard conditions (dioxane/2N H 2 S0 4 9:1, 60°C), only starting material 
can be isolated after 72 hours. If the reaction is performed in acetic acid/concentrated 
HC1 1:1, acid 10 is isolated as a single compound (Flash point: 220-222°C/Lit. 8 214- 
216°C). 




To clarify the question of what influence the substituents in 15,16-position have 
' on the reaction behavior of the spirolactone ring, the 15a,16a-methylene derivative ii 
and the A 15 -analog 13 were exposed to the rearrangement conditions. The 15a, 16a- 



5 

methylenespirolactone \± itself at 100°C proved to be stable under the standard 
conditions (dioxane/2N H2SO4 9:1). After 28 hours of boiling, only the starting material 
could be isolated. 




The formation of a 17-isolactone compound also could not be observed after 
variation of the reaction conditions. The formation of 14 can be explained by the 
cleavage of a proton from the intermediately formed allyl cation. 

In summary, the varied reaction behavior of the various 15,16-substituted 
compounds can be described as follows: The higher reactivity of the A 15 - and the 
15P,16(3-methylene compounds compared to acids can be explained by the slight build- 
up of allyl or homoallyl cations. Based on the reaction conditions, the carbenium ions 
that are formed can react off to form different products. 



6 

Steric bases may be responsible for the varying reaction behavior of the 1 5a, 16a- 
and 15p,16p-methylene derivatives. In the case of the 15(3,16P-methylene compounds, a 
substituent cluster is present on the top side of the D ring. This inhibition can be reduced 
by the formation of a carbenium ion in the 17-position, by which a stabilization of the 
homoallyl cation is produced. In the case of the 15a,16ct-methylene derivatives, this 
additional stabilization does- not take place, i.e., the formation of the carbenium ion is 
promoted to a lesser extent in terms of energy. The 15a,16a-methylene derivatives are 
therefore more stable compared to acids. 
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Summary: The different acid catalyzed rearrangements of 15 ,16-substi tuted 
17a-pregnene-21,17-carbolactone derivatives are described, 

Die Suehe nach neuen steroidalen Aldosteronantagonisten mit reduzierten endokHnologischen Ne- 
benwirkungen 1st seit der Einflihrung des Spironol actons (7a-Acetyl thio-3-oxo-17a-pregn-4-en- 
21 ,17-carbol acton) in die Therapie Gegenstand intensiver BemUhungen. Die erarbeiteteh Struk- 
tur-Wirkungsbeziehungen zeigen, daB praktisch alle Veranderurigen des 17-SpirofUnf ringlactons 
zu einer Reduzierung der anfimineralcorticoiden Wlrkung fuhren.* Die in unseren Laboratorien 
durchgeflihrten Untersuchungen ergaben, daB die aldosteronantagonistische Wirkung von bekann- 

ten Verbindungen durch die Anellierung eines 15B,166-Cyclopropanringes deutlich gesteigert 

2 

werden kann. . 

Bel unseren synttieti schen Arbeiten in dieser Stoffklasse stie&en wir auf e1n Spezielles Reak- 
tionsverhal ten dieser 15B,16&-Methylenspirolaetone» Uber das wir hier berichten wollen. Be*? 
der Endreinigung einiger Testsubstanzen aus der Reihe der 15B,16B-Methylenspirolactone wvrden 
Nebenprodukte Isoliert, die sich chroma tog rap hi sen fast identisch verhielten und deren UV- 
und IR-Spektren sich kaum von denen der Hauptprodukte unterschieden. Die Kernresonanzspektren 
dieser Nebenprodukte zeigen einen deutlichen upfleld shift der 18-Methylgruppe um ca. 0.2 ppm, 
Diese Verschiebung Va&t den Schlufl zu, daB die 18-Methylgruppe und die 17-Lactonf unktion 
nicht mehr beide B-sta'ndig sind. Alle verfUgbaren spektroskopischen Daten lessen sich am be- 
sten rait dem Vorllegen eines isomeren Spirolactons erklaren. Eine genaue Untersuchung , unter 
welchen Bedingungen diese Isomerisierung auftritt, ergab, daB es sich urn eine sSurekataly- 
sierte Reaktion handelt. So konnte 1_ durch Behandeln mit 0,1 N SalzsHure bei Raumtemperatur 
innerhalb von 3 Stunden in ein 8:2 Gemisch von 2_ und 1^ umgewandelt werden.^ - 
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Das gleiche Gemisch erh'ali man, wenn 2 unter identischen Bedingungen behandelt wird. Das Pro- 
dukt-Verhal tni s 6:2 der Verbindungen £ und 1_ stellt somit das thermodynami sche Gleichgewi cht 
der saurekat&lysierten lsomerisieri/ng dar. Mecharii stisch Vaftt sich diese Umlagerung Uber file 
prima>e Protonierung des Lactonsauerstof f s erkla>en, die dann zur Ausbildunc eines Homoelly'l- 

A 

kations fUhrt * das zusatzlich durch die Carboxylgruppc stabil isiert wi rd und innermoleku*lar 
von der Carbonsaure von der Ober- Oder Unterseite unter Lectonringbi Idling angegriffen werden 
kann. Oer a-Angriff ist wegen der B*$tandigkeit des 15,16-MethylenHnges und der 18~Methy1- 
grvppe begiinstigt. . 




OH 





Oiese Umlagerung ist allgemein anwendbar" auf 156, 166-Methylenspi ro "lactone. So laBt sich eus 2 
die Verbindung £ in Dioxan/2 N HjSO^ 9:1 bei 60*C darsteHen. 5 





Diese Isomerisieruog kann such durch lewissauren katalysiert werden. So liefert die Umsetzung 
von 3^ mit Di ethyl aluminivrocyan id in Oichlonnethan oder Ben2ol ein.Gemisch der 7-Cyanide ![ und 
6^, wa'hrend bei der Verwendung des basischeren LSsungsmi ttel s THF nvr 5 erhaltcn werden kann. 



+ 





Untersucht man die Isomer isierung unter Bedlngungen {EssigsSure/konz, HC1 1:1), die aOsgehend 
von 17a-Alkyl testosteronderivaten unter Wandering der 18-Methylgruppe A 13 -17 ,17-Dial kyl ver- 
bindungen ergeben, so erhaU man ein Gemisch des Isolactons 7 and elner Saure 8, deren Struk- 
turaufklaVung erst hach der Veresterung mit Dlazomethan gelang, 7 

COOH 
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Die Blidung von 7 und B laBt sich iiber den nucleophilen ChToridangriff auf das prlmar gebiT- 
dete Homoallylkation erkVaren. Um den EinfluB des 15B.16B-Cyc1o P ropanHnges auf die Umlage- 
rung 2U untersuchen , WU rde das in 15 ,16-Positlon unsubstituierte Spirolacton 9 den sSurekata- 
lys^rten Umlagerungsbedingungen unterworfen. Setzt man Verbindung £ onter Standardbedingun- 
gen (D1o*an/2 N H z S0 4 9:1, 60°C) um, so kann nach 72 Stunden n Ur Ausgangsmaterial Uoliert 
werden. Fuhrt nan die Rea ktion in E SS 1 gs aure/konz. HC1 1:1 durch, w1rd ah einzige Verbindung 
die Saure 10; Uoliert (Fp: 220-22Z 6 C/Lit. 8 Z14-216°C). 



COOH 





Um die Frage zu klaren, weUhen EinfluB die Substltuenten in 15,16-Posltion auf das Reaktlons- 
verhalten des Spirol actonringes haben, wurde das 15a,16a-Methyl e nderivat 11 und das A 15 -Ana- 
logon 13 den Umlagerungsbedingungen ausgesetzt. Da 5 15a ? 16a-Methy1ensp1ro1acton 11 ervies 
sich unter den Standardbedingungen (Dioxan/2 N H 2 S0 4 9:1) seTbst bei 100'C als stabil. Nach 
28-stUnd 1g em Kochen konnte nur Ausgangsmaterial isoliert werden. 





Bei der Umsetzung der A 15 -Verbindung 13 unter Standardbedingungen bildete sich dageoen die 
Diencarbonsaure la. 



COOH 





Die Bildung einer 17-Isolactorwerbindung konnte auch nach Variation der Reaktionsbedingungen 
nicht beobachtet werden. Die BUdung von U 1SB t sich durch die Abspaltung eines Protons aus 
dem intermedidr gebildeten Allylkatlon erklaren. 

Zusammenfassend kann man das unterschiedl iche Reaktionsverhalten der verschiedenen lS,i 6 - su b- 
stlttnerten Verbindungen wie f 0 7gt beschreiben: Die hohere ReaktivitSt der a 15 - und der 
x5B.l6B-Methyl en vert,indun 9 en gegenUber Sauren .laBt sich durch die lelchte Ausbildung der 
Allyl- bzw. HomoaUyUationen erklaren. In Abhangigkeit von den Reaktionsbedingungen kbnnen 
die gebnldeten Carbeniumionen zu unterschiedl ichen Produkten abreagleren 
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FUr d M unterschiedliche ReaktionsvernaUen der 15*,16o- und 15 & ,l6 & -Methyl*ndeH vate konnen 
sterssche Griinde verantwortl i eh sein. I. falU der iSB^B-Methylenverbindungen llegt eiw 
Substituencenhaufung auf der Oberseite des O-Ringes von Diese Hinderung kann durch die Aus- 
bildung eines Carbeniumions in der 17 -Portion' vermindert uerden, «odurch sich eine StabMi- 
sierung des Homoal lyl kations ergibt. lm falle der 15a,16a-Methylenderi vate entfaUt d.ese zu- 
satzliche Stabilisierung, d.h. die Ausbildung des Cerbeniumions 1st energetisch weniger be- 
vorzvgt. De&halb *md- die 15a,16a-Methy^ndeHvate stabiler gegenuber Sauren. 
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5.86 (s, 1, H-4), 6.16 (s, 1, H-15) ppm; 

UV: A lc) 242 (16500); 

max * 

IR (KBr): 2500-3000, 1735, 1660, 1620, 1605, 1570 cm" 1 . 
(Received in Germany 2 August 19 66) 
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TABLE 3 



Pharmacokinetic parameters of theophylline from 3 dogs after single oral administration 
of an aqueous solution and 4 tablet formulations (250 mg theophylline) 

(mean + S.D.) 



Parameter 



t 1/2 abs (hr) 
C max 

t l/2 B(hr) 

A13C « (mg.hr/l) 

F 



Aqueous 
solution 



Tablet A 
(50 Mm) 



Tablet B 
(30 pm) 



Tablet C 
(10 urn) 



Theolair® 



0.40 ± 0.47 0.73 ± 0.62 0.39 ± 0.25 0.52 ± 0.12 0.64 ± 0.30 

1.7 ± 2.0 2.2 ± 1.6 1.8 ± 0.6 2.2 ± 0.7 2.8- ± 1.4 
23.3 ± 9.6 18.4, ± 3.4 21.8 ± 1.2 16.6 ± 4.5 21.1 ± 0.7 

6.8 ±0.3 6.2 ±2.2 6.2 ±1.9 6.1 ±1.4 5.7 ±0.6 
237 ± 75 163 ± 30 228 ± 66 181 ± 49 221 ± 67 

0.71 ± 0.09 0.97 ± 0.16 0.77 ± 0.14 0.94 ± 0.19 
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TABLE 4 



Effect of different batches of calcium phosphate (from different sources) 
on the properties of the tablets. 





Supplier A 


Supplier B 


SuppUer C 




type Al 


type A2 






Compression force kN 


8.8 


9.4 


8.8 


9. 0 


Hardness daN + S.D. 


15.5 + 0.8 


14.7 ±0.6 


15.8 ± 0.8 


14.4 ± 0.5 


Friability % 


0.9 


0.6 


0.5 


0.6 


Mean weight + S.D. 


398.9 ± 3.6 


. 4.02.0 ± 4.3 


392.2 ± 4.6 


400.9 ±2.6 


Weight CV % 


0.9 


1.1 


1.2 


0.7 


Disintegration time (sec) 


33 


45 


31 


32 



TABLE 5 

Effect of the type and size of mixer on the properties of the tablets. 

Z arm mixer Lodige mixer 



11 5 1 30 1 50 1 130 1 



Compression force kN 6.6 6.7 ' 7.2 8.8 6.8 

Hardness daN + S.D. 12.4 ± 0.9 . 12.3 + 0.7 13.2 ± 0.5 14.0 ± 0.6 13.7 ± 1.1 

Friability % 0.5 0.5 0.5 ' 0.8 0.9 

Mean weight + S.D. 405.2 + 4.4 401.2 + 2.2 402.0 + 2.6 .401.7 + 3.4 404.5 + 5.0 

Weight CV % 1.1 0.5 0.6 0.9 1.2 

Disintegration time (sec) 32 25 27 30 20 
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Dissolution proper ties and in vivo behaviour of triamterene in 
solid dispersions with polyethylene glycols 

Phann-Acta-Helv (71, No. 4, 229-35, 1996) 
96 ' J 

Seville, Esp 
Univ. Seville 

IN-VITRO/FT; IN-VIVO/FT; RAT/ FT; SOLID/ FT; MIXTURE/FT; BIOPHARM/FT; 
DISSOLUTION/ FT; INTRAGASTRIC/ FT; LAB— ANIMAL/ FT.. 
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TRIAMTERENE/OC; TRIAMTERENE/PH; TRIAMTERENE /DM; MI QUEL/ FT; TRIAMTERE 
DIURETIC/ FT; RELEASE/ FT; BIOAVAILABILITY/ FT; SOLUBILITY/FT; ABSORPTION 
PHARMACOKINETICS/ FT; DIURETICS/ FT; OC/FT; PH/FT; DM/ FT 
396-01-0. 

POLYETHYLENE-GLYCOL/OC; ACO/FT; PEG/RN; AUXI LIARY- INGREDIENT/ FT ; M0L 
, ... WEIGHT/ FT; PHARMACEUTICS /FT; OC/FT 

Solid dispersions were prepared of triamterene (TM, Miquell m 
PEG of different molecular weights f PEG 1500, 4000 and 6000, all 
Aco) by the melting process, and absence of chemical reaction 
between drug and polymer was demonstrated. In-vitro release 
profiles showed.no differences in dissolution between 3 PEG types 
tested. When given intragastrically to rats, the solid 
dispersions enhanced the effect of TM, determined as urinary 
hydric volume (UVH) and urinary volumetric excretion <UVE) . 
Relative bioavailability varied widely between the solid 
dispersions, and was greatest for TM. solid dispersion in PEG 6000 
at low % TM, but was greater for all the solid dispersions than 
»icronixed TM. Methods Fasted Wis tar rats (about 2S0 g) received 
10 mg/kg micronized TM or its equivalent and urine was collected 
to 12 hr and assayed by HPLC. Results TM solubility . was increased 
in solid dispersions in PEG, with effect increasing with 
increasing PEG molecular weight and with decreasing drug content 
from 30% to 5%. Powder X-ray diffraction confirmed that PEG did 
not modify the crystalline structure of TM. Dissolution 
efficiency in 30 rain (DE30) increased from 9.84% for micronized 
TM to 18.5-58.82% for physical mixtures and to 25.26-86.17% for 
solid dispersions. DE30 also generally increased with decreasing 
PEG molecular weight (e.g. from 75.7 7% for PEG 6000, to 78.63% 
for .PEG 4000 and 86.17% for PEG 1500, each solid dispersions 
containing 5% TM) and with decreasing TM content , (e .g . from 30. 
43% to 46.07% r 83.29% and B6.174 for solid dispersion of 30%, 20%, 
101 and 5% TM in PEG 1500, respectively) . Similar results were 
seen when determined as dissolution % over 30 min, or time to 
dissolve 20%, 50% or 80% drug." In-vivo, PEG alone had no diuretic 
activity but pure TM increased UVE, and 30-60% more when given as 
solid dispersions. Tire solid* dispersions shortened the Tmax at 
low drug ratios, and this was directly related to improved drug 
absorption. Mean residence time did not differ with PEG type. TM 
bioavailabilities, relative to that from PEG 6000 containing 5% 
TM, ranged from 56.14-96.1% from the solid dispersions but was 
only 35.4% for micronized TM. (W103/YC) . 
96-49994 961223 
rder Ccr>y - 

Asche H, Botta L, Rettig H, Weirich E G 

Influence of Formulation Factors on the Availability of Druys 
from Topical Preparations 

Pharm-Acta-Helv (60, No. 8, 232-37, 1985) 
85 
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Preformulation study of etoposide: identification of pbysicochemical 
characteristics responsible for the low and erratic oral 
bioavailability of etoposide 

J. C; Chen, J. R. ; Chow, o. 

St., nlLlT^Tlotl: S» ' ° f Ph " m - °" iV - ° f »« Hoursund 

SESTET lII N T072i-87li.' May 1989 ' ^ «' PP " " ™* ' 

' Journal 
English 

Preformulation studies of etoposide (VP-16-213; I), including dH- 
^^ X i lty ? r f? Ue : partition coefficient, pH-stability profile, and in 
vitro dissolution kinetics, were conducted to determine factors 
responsible for the low and erratic oral bioavailability of I The 
equilibrium aqueous solubility of I at 37DGC was low and did'not varv 
PH T? 6 ° f 2 C ° 6 - The PH-stability profile indicated rlpld 
anrif t\ n n ° £ 1 at - PH X ' 3 and 10 ' With ^gradation half-lives of 2*88 
and 3.83 h, respectively, at 25DGC . Maximum stability at 25DGC was 
reached at pH 5 to 6.15, with half-lives of 63 and 49.5 days/ 
respectively. The absorption of I appeared to be dissolution rate limited 
, rather than permeation rate limited. 

It^was concluded that the low equilibrium aqueous solubility, slow 
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respectively. The absorption of I appeared to be dissolution' rate limited 
, rather than permeation rate limited. 

It was concluded that the low equilibrium aqueous solubility, slow 
intrinsic dissolution rate and chemical instability at pH 1 3 may 
account for the low oral bioavailability of I. Ellen Katr Neumann 
9 Pharmaceutics; 10 Drug Stability; 8 Biopharmaceutics 
10:00 Antineoplastic agents 

Etoposide; solubility; and stability, relation, availability 
Hydrogen ion concentration; etoposide; effects, - solubility, stability 
Partition coefficients; etoposide; relation, availability 
Stability; etoposide; effects, pH, relation, availability 
Solubility; etoposide; effects, pH, relation, availability 
-Dissolution; etoposide; kinetics, in vitro, relation, availability 
Antineoplastic agents; etoposide; solubility, stability, relation 
availability 

Kinetics; dissolution; etoposide, in vitro, relation, availability 
Drugs, availability; etoposide; relation, solubility, stability 
Temperature; etoposide; stability, relation, availability 
33419-42-0 (Etoposide) * 
Etoposide (VP- 16-213) 
Order Copy 



AN 
DN 

TI 

AU 
CS 
SO 



DT 
FS 
LA 
AB 



SC 
CC 
IT 



IT 

IT 



IT 
IT 
IT 



IT 
IT 
IT 
IT 



RN 
RN 
CN 

ISL C 



Page 1 of 1 



I: Pharm Res 1989 May; 6 (5): 408 -12 

Pref ormulation study of etoposide: identi fication of physicochemical 
characteristics responsible for the low a nd erratic oral bioavailability of 
etoposide. 

Shah JC, Chen JR # Chow D. 

Department of Pharmaceutics, College of P harmacy, University of Houston, Texas 
77030. 

Pref ormulation studies of etoposide, incl uding pH- solubility profile, partition 
coefficient, pH-stability profile, and in vitro dissoluti on kinetics, were 
conducted, to identify the responsible fac tor(s) -for the low and erratic oral - 
bioavailability of etoposide- A stability -indicating high-performance liquid 
chromatographic (HPLC) assay was used for drug monitoring. The equilibrium 
aqueous solubility 'of etoposide at. 37 deg rees C was low, -148.5-167.25 
micrograms /mi, and did not vary over the pH range of 2 to 6 . The pH -stability 
profile indicated rapid degradation of et oposide at pH 1.3 and 10, with 
degradation half-lives of 2.88 and 3-83 hr, respectively, at 25 degrees C. The 
half-life at pH 7.30 was 27.72 days. Maximum s tability at 25 degrees C. was 
reached at pH 5 to 6.15, with half -lives of 63 and 49.5 days, respectively. The 
intrinsic dissolution rate, determined on a Wood's apparatus, was slow, 0.0094 
mg/min/cm2, while the etoposide partition coefficient between n -octanol and 
water was 9.94. Therefore, etoposide abso rption appears to be dissolution rate 
limited rather than permeation rate limit ed. The low equilibrium aqueous 
solubility, slow intrinsic dissolution ra te, and chemical instability at pH 1 .-3 
could account for the low oral bioavailab ilj.ty. 
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Preformulation studies of etoposide, including pH-soliibility profile, partition coefficient, pH-stability 
profile, and in vitro dissolution kinetics, were conducted to identify the responsible factor(s) for the 
low and erratic oral bioavailability of etoposide. A stability-indicating high-performance liquid chro- 
matographic (HPLC) assay was used for drug monitoring. The equilibrium aqueous solubility of 
etoposide at 37°C was low, 148.5-167.25 jtg/ml, and did not vary over the pH range of 2 to 6. The 
pH-stability profile indicated rapid degradation of etoposide at pH 1.3 and 10, with degradation 
half-lives of 2.88 and 3.83 hr, respectively, at 25°C. The half-life at pH 7.30 was 27.72 days. Maximum 
stability at 25°C was reached at pH 5 to 6.15, with half-lives of 63 and 49.5 days, respectively. The 
intrinsic dissolution rate, determined on a Wood's apparatus, was slow, 0.0094 mg/min/cm 2 , while the 
etoposide partition coefficient between n-octanol and water was 9.94. Therefore, etoposide absorption 
appears to be dissolution rate limited rather than permeation rate limited. The low equilibrium aqueous 
solubility, slow intrinsic dissolution rate, and chemical instability at pH 1.3 could account for the low 

oral bioavailability. . 

KEY WORDS: etoposide; preformulation; pH-splubility; pH-stability; dissolution; partition coeffi- 
cient. 



INTRODUCTION 

Etoposide, also known as VP-16-213, is a semisynthetic 
epipodophyllotoxin derivative (Fig. 1), active against a va- 
riety of malignancies (1). Etoposide is the most active single 
agent for the treatment of small-cell lung cancer and testic- 
ular carcinoma (2). The agent is given intravenously in a 
dose of 300-600 mg/m 2 (450-900 mg for an adult weighing 70 
kg) over a period of 3-5 days. The treatment is repeated 
every alternate week until a beneficial effect is observed (3). 
The currently available dosage forms are nonaqueous i.v. 
parenteral solutions and oral soft gelatin capsules containing 
etoposide solution in a mixed solvent system. The i.v. ad- 
ministration of etoposide on a chronic basis is inconvenient 
for outpatients. In addition, etoposide precipitates from the 
parenteral solution as diluted with other i.v. fluids for infu- 
sion (4), and too rapid an infusion of etoposide precipitates 
hypotension of the patient (3). Therefore, an oral formula- 
tion is desired. However, the capsule formulation has a re- 
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ported oral bioavailability of 50% (5). Several investigational 
oral formulations have been evaluated, namely, (a) hydro- 
philic, soft gelatin capsules containing etoposide solution (6); 
(b) lipophilic capsules of etoposide suspension (7), and (c) 
drinking ampoules (8). However, all these formulations 
yielded poor oral bioavailabilities (25-74%) with high intra- 
and interpatient variabilities in the rate and extent of etopo- 
side absorption (9). Therefore, the development of a stable 
oral formulation with a higher and more reproducible oral 
bioavailability than the current one is desirable. 

This study was intended to identify the possible physi- 
cochemical characteristics responsible for the low and er- 
ratic oral bioavailability of etoposide, for the purpose of es- 
tablishing the basis for logical and effective approaches to 
modify the dosage form. The pH-solubility profile and pH- 
stability profile of etoposide were established, with the pH 
range encountered in the gastrointestinal tract (pH 1.3-8). 
The pH dependence of the solubility and chemical stability 
of the drug was determined. In addition, the in vitro disso- 
lution kinetics of etoposide was evaluated using a Wood's 
apparatus (10). The possibility of dissolution rate-limiting 
absorption of etoposide was verified (11). The /i-octanol/ 
water partition coefficient of etoposide was also determined. 

MATERIALS AND METHODS 

Chemicals 

Etoposide was used as received from Bristol Myers 
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Etoposide (VP -16-213) 

Fig. 1. The chemical structure of etoposide. 

(Syracuse, N.Y.). Hydrochloric acid, potassium chloride, 
sodium citrate, citric acid, acetic acid, sodium acetate, po- 
tassium monobasic phosphate, potassium dibasic phosphate, 
sodium hydroxide, and boric acid were all analytical grade. 
Acetonitrile of high-performance liquid chromatographic 
(HPLC) grade was used. 

HPLC Assay 

A stability-indicating HPLC assay was developed for 
etoposide (12) with a re versed-phase C8 column (5 u,m, 15 
cm x 4.6-mm i.d., Custom LC Inc., Houston, Tex.) and 
acetonitrile-acetic acid-water (27: 1 :72, pH 4.0) at a flow rate 
of 1.5 ml/min as the mobile phase. Etoposide was monitored 
at 230 nm and the detection limit was 0.05 ng/ml. Methoxy- 
psoralen was used as the internal standard. 

Preparation of Buffers 

All buffers used, pH 1.3-10, as listed in Tables I and II, 
had concentrations of 0.1 M. The buffers used for the pH- 
stability study had ionic strengths adjusted to 0.5 with KC1. 

pH-Solubility Profile 

An excessive amount (about 20 mg) of etoposide was 
agitated with 10 ml of each buffer for 48 hr at 37°C in a water 
bath. One-milliliter samples were taken at 24 and 48 hr, re- 
spectively, filtered through 45-u.m membrane filters (Gell- 
man), and subjected to HPLC assay. 

pH-Stability Profile 

Etoposide solutions of 100 u^/ml prepared in the buffers 
were maintained at 25°C in a water bath. The samples were 
taken at various time intervals and analyzed by HPLC until 
the remaining etoposide level was negligible. The log con- 
centration of etoposide versus time profile was plotted to 
determine the degradation rate constants at all pH values. 
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Table I. Solubilities of Etoposide at 37°C in Buffers of Various 
pH Values 



Solubility (ug/ml), 



Buffer 


pH 


Mean — jLt 


0.1 Af HQ 


1.30 


Extensive degradation of 
etoposide was observed. 


0.1 M HC1/KC1 


2.00 


151.31 :£ 16.64* 


0.1 M Na citrate/ 






citric acid 


3.00 


167.25 ± 16.67 


Distilled water 


4.50 


147.50 ± 1.75 


0.1 Af Na acetate/ 






acetic acid 


5.00 


153.22 ± 10.18 


0.1 M KHPO/KH^PC^ 


6.00 


149.58 ± 9.73 


0.1 Af KHPCVKH 2 P0 4 


7.40 


125.93 i 19.41** 


0.1 M KHPO4/KH2PO4 


8.00 


116.44 ± 11.95** 
Etoposide degradation was 
observed after 48 hr 


0.1 Af Na borate/. 






boric acid 


10.00 


Extensive degradation of 
etoposide was observed 



* N « 3, 24-hr data. 
* Statistically no significant difference in solubilities from pH 2 to 

pH 6 at P = 0.05 by ANOVA. 
** Statistically significant difference in solubilities from pH 6 to pH 

8 at P - 0.05 by ANOVA. 



The pH-stability profile was constructed by plotting rate 
constant versus pH. 

Drug Dissolution Kinetics 

About 25 mg of etoposide was compressed on a Carver 
press (Model C, Fred S. Carver Inc.) into a disk 6 mm in 
diameter and then mounted on a rotating shaft of a Wood's 
apparatus. The disk was rotated at 100 rpm in 30 ml of dis- 
tilled water at room temperature. The distance of the disk 
from the bottom of the beaker was kept constant at 2 cm. 
Samples (100 uJ) were taken at various time intervals up to 



Table n. First-Order Degradation Half-Life (t l/7 ) of Etoposide at 
25°C in Buffers of Various pH Values 



Buffer" 


pH 


i xh (days), 
mean ± SD 6 


0.1 M HC1 


1.30 


0.12 ± 0.002 


0.1 M HC1/KC1 


2.03 


1.19 ± 0.127 


0.1 M Na citrate/ 






citric acid 


3.05 


8.15 ± 0.192 


0.1 M Na acetate/ 






acetic acid 


5.00 


63.00 ± 5.730* 


0.1 A/ KHPOyKH 2 P0 4 


6.15 


49.50 ± 3.536 


0.1 M KHPOVKH2PO4 


7.30 


27.72 ± 2.218 


0.1 M KHKVKH 2 P0 4 


8.00 


5.97 ± 0.257 


0.1 hi Na borate/ 






boric acid 


10.00 


0.16 ± 0.011 



a All buffers had concentrations of 0.1 M, and the ionic strengths 
had been adjusted to 0.5 with KC1. 

* N = 3. 

* Statistically no significant difference in half-lives at pH 5 and 6.15 
by Student's / test at P = 0.05. 
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70 hr, filtered through 45-ujn membrane filters, and analyzed 
by HPLC. 

The data obtained were analyzed using the Noyes- 
Whitney equation (13) as shown below. 



dc 
dt 



D * A * (C s - Q 
h * V 



(1) 



where dc/dt is the dissolution rate, D is the diffusion coeffi- 
cient (cm 2 /min), A is the surface area of the disk (cm 2 ), C s is 
the aqueous solubility (mg/ml). C is the concentration of 
etoposide (mg/ml), h is the thickness of the diffusion layer 
(cm), and V is the volume of the dissolution medium (ml). 

Under sink conditions (C is less than 20% of C s ), Eq. (1) 
is simplified as follows (13): 



dc 
dt 



h * V 

which, on rearrangement, leads to 
dc * V D * C s 



dt*A 



= intrinsic dissolution rate 



(2) 



(3) 



Partition Coefficient 

The n-octanol and water were presaturated with each 
other in amber-colored bottles for 24 nr. Five milliliters each 
of the two presaturated solvents was mixed together with 10 
mg of etoposide in a screw-capped tube on a rotatory mixer 
at 25°C. Samples were taken at 6, 12, and 24 hr. The n- 
octanol and water layers of the samples were analyzed sep- 
arately for etoposide by HPLC. 

Statistical Analysis 

The effects of pH on the solubility of etoposide were 
analyzed by one-way ANOVA at P = 0.05. To determine 
the pH of maximum stability, the degradation constants at 
pH 5 and 6.15 were compared by Student's t test at the P ~ 
0.05 level. 

RESULTS 

pH-Solubility Profile 

The solubilities of etoposide at 37°C in various buffers of 
pH's ranging from 1.30 to 10 are reported in Table I. Exten- 
sive degradation of etoposide was observed at pH 1.30 and 
10, which precluded the measurement of equilibrium solu- 
bilities. The pH-solubility profile of etoposide is shown in 
Fig. 2. The difference in solubilities from pH 2 to pH 6 was 
insignificant but those at pH 7.4 and 8 were significantly 
lower than the rest as determined by ANOVA at P — 0.05. 
The apparent solubility decreased with increasing pH above 
pH 6, along with increasing etoposide degradation, as re- 
flected by the increasing peak heights of the degradation 
products in the chromatograms (Fig. 3). 

pH-Stabiliry Profile 

The log etoposide concentration versus time profiles 



■3 



o 

CO 



150 - 




Fig. 2. The pH-solubility profile of etoposide at 3TC. Each point 
represents the mean of three observations with standard deviation 
bar. 

were constructed. The linear curves of the plots at all pITs 
indicated first-order degradation. Degradation rate constants 
obtained from the slopes of the curves were used to deter- 
mine the half-lives at various pH's (Table II). The pH- 
stability profile of etoposide is shown in Fig. 4. The degra- 
dations were extremely rapid under highly acidic and alka- 
line conditions. The degradation half-lives were 2.88 and 
3.83 hr at pH 1.30 and pH 10, respectively, while pH 5-6.15 
was the pH range of maximal stability, with degradation half- 
lives of 63 and 49.5 days, respectively. The slopes of the 
pH-rate profile on the acidic and basic sides were - 0.70 and 
0.68, respectively; therefore, the degradation of etoposide is 
not specific acid or base catalyzed (14). 

Drug Dissolution Kinetics 

Complete dissolution profiles in three separate runs 




93 



M 



12 0 6 12 0 6 12 0 6 12 
Minutes 

Fig. 3. Typical chromatograms of etoposide (E) solubility samples 
after 48 hr at (a) pH 1.3, (b) pH 6.0, (c) pH 7.4, (d) pH 8.0, and (e) 
pH 10.0. Methoxypsoralen (M) is the internal standard; Dl, D2, D3, 
and D4 are different degradation products of etoposide. 
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Fig. 4. The pH-stability profile of etoposide at room temperature. 
Each point represents the mean value of three observations with 
standard deviation bar. 

were constructed until saturation of etoposide (0.1 mg/ml) 
was achieved as shown in Fig. 5. The dissolution kinetics of 
etoposide can be described by the Noyes- Whitney equation 
[Eq. (1)]. The curves were linear when etoposide concentra- 
tions were less than 20% of the equilibrium solubility of etop- 
oside (Fig. 5, inset). The slope of the linear portion deter- 
mined the dissolution rate as described in Eq. (2). The in- 



trinsic dissolution rates were calculated according to Eq. (3) 
and are listed in Table in. 

Partition Coefficient 

The equilibrium partition of etoposide between /i- 
octanol and water phases was achieved in 12 hr. The parti- 
tion coefficient (o/w) was 9:94 ± 0.095 at 25°C (N «= 3). No 
degradation products of etoposide were observed by HPLC 
during the partition coefficient study. 

DISCUSSION 

Etoposide solubilities ranged from 116.44 to 167.25 
jig/ml over the pH range 1.3 to 8. Insufficient aqueous sol- 
ubility of a drug has been known to yield poor or erratic 
absorption with large inter- and intrasubject variations in 
blood levels. Kaplan (1 1) found that potential bioavailability 
problems are often present when the aqueous solubility of a 
drug is less than 10 mg/ml (1%). The extremely low aqueous 
solubility of etoposide may be responsible for its poor and 
erratic oral absorption. 

In addition, the orally administered drug needs to be 
stable during its transit through the gastrointestinal tract of 
various pH's ranging from 1 to 8. Etoposide is most stable in 
the pH range of 5-6. 15 and rapidly degrades at pH <2.03 and 
pH >8. The half-life of etoposide at pH 1.30 was 2.85 hr. The 
rapid degradation of etoposide in gastric fluid could also ac- 
count for its low oral bioavailability. An enteric coating of 
etoposide may prevent the acidic degradation and effectively 
improve the oral bioavailability. 

Significant statistical correlations between drug absorp- 
tion and dissolution rate have been reported for many drugs, 
such as digoxin, prednisone, and acetaminophen (15). Drugs 
having intrinsic dissolution rates less than 1.0 mg/min/cm 2 at 
37°C frequently have bioavailability problems, because the 
absorption is limited by the dissolution rate (11). Digoxin, 



100- 



c 
o 



u 
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o 
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10 



20 



30 40 
Time (hr) 

Fig. 5. Intrinsic dissolution profiles of etoposide in three separate dissolution experiments. The inset 
depicts the dissolution profile of etoposide under sink conditions (concentrations of etoposide less 
than 20% of aqueous solubility). 
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Table m. Dissolution Rales of Eloposidc at 25°C 



Dissolution 
experiment 
No. 


Dissolution 
rate, dcldt 
(jjug/ml/hr) 


Intrinsic dissolution 
rate, (D/h) • C, 
(mg/min/cm 2 ) 


1 


5.94 


0.0105 


2 


5.27 


0.0093 


3 


4.80 


0.0085 


Mean 


5.34 


0.0094 


(SD)° 


(0.57) 


(0.0010) 



a N = 3. 



various erythromycin esters, and different hydrates of ampi- 
cillin are examples of drugs with dissolution rate-limiting 
absorption (16). The intrinsic dissolution rate of etoposide 
was 0.0094 mg/min/cm 2 at 25°C, and although it increases 
with temperature, its magnitude is far less than 1.0 mgf 
min/cm 2 at 37°C. Therefore, dissolution rate-limited absorp- 
tion of etoposide may also contribute to the observed low 
oral bioavailability. 

The correlation between the partition coefficient and the 
rate and extent of absorption of a drug has been reported 
(15). However, the absorption of etoposide may not be per- 
meation rate limited, because the partition coefficient of 
etoposide was 9.94 at 25°C, reflecting its high lipophilicity. 

In conclusion, the low aqueous solubility, slow intrinsic 
dissolution rate, and rapid degradation at pH 1.30 of etopo- 
side may all account for the low and erratic bioavailability of 
the drug. Therefore, approaches to increase the aqueous sol- 
ubility and dissolution rate of etoposide and to employ an 
enteric coating to prevent acidic degradation in gastric fluid 
may effectively improve the oral bioavailability of etoposide. 
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Orlistat Uetrahydrolipstatin) reduces absorption of dietary fat 
by inhibiting lipases in the gastrointestinal. tract f since * 

" me2ninofo« 10 r ailab t Uty teStlng by Paleokinetic methods 
is meaningless, 2 capsule formulations containing orlistat as 

T^l^TrT^ 9raimlM <B,) We " con^a^d usi'g the 

mult^/M™^ 10 ? 1 ^ 1 end -P° intsI **^ai fat excretion after 
test) and n V ^ dOSCS ' and "C-reeouery in breath (breath 
test) and in faeces after single doses administered with 
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14C-triolein. The study was conducted in 12 hospitalised healthy 
baifn^T" " d ° Se leVBi£ ° f S ° and 150 ■» according to a Y 
an Intake iTi^T^ ^ diet was standardised with 

an intake of 76 g fat per day. Orlistat was generally well 

XiJESf; In* adVe " e CVentS ° f -"ns^ iere 

limited to the gastrointestinal tract and were consequences of 
the pharmacological action of the drug. At the 50 and ! o" 
doses respectively, mean faecal fat excretion (% of dietary fat 
intake) was 29.6 and 35.4% for capsule A, and 30.4 and 37 1% for 
^d S ^%*', Mea ? 14C - recove -y i» ^eces <% of 14C-do S e7 was 52 5 
and 56 2% for A. and 50.5 and 62.91 for B. Mean cumulative 14 C 

and 16.7 and 11.2% for B. At the 50 mg dose both 
w «« Pharmacologically equivalent. At ttJ 150 mg^ee B 
ff! 1 " 1 t ° W * r * a «up«ier ffic.cy compart with A (p - 0. 

at \Sn 111 ^ ° S ! S Wer€ si 9nificantly more effective (p < 0. 
IfLJtt J?? 50 109 dOSeS " There Were no significant carry-over 
?hf l«c'brl^rr^ 19ated end " P ° intS yielded consistent results. 
The l4C-breath test proved to be a reliable and convenient method 
caleniH f " •Wtlon in relative terms and thus to compare 
galenic formulations of orlistat H 
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A solidified melt of griseofulvin (EGA Chemie) in Pluronic F68 
(Wyandotte) given to healthy volunteers resulted in increased 
tZ ri Ur i nary ?*<=retion of 6-demethylgriseofulvin (DG) compared 

H«'^ yS1Cal 1 nil)ttUre ' and ^ cr£)nlzed griseofulvin. Faster 
%9-Sl " i ; fl r ? e ! 5 ? aiS ° occurrina * ^thods 5 Healthy males 
mt 7? k ■ ? g) received either micronized griseofulvin, 250 
Pluronic P ^^ Cal miX ^ Wlth Piuronic ™ ^0* antibiotic; 80% 
rtZ^l r68 '.° r a solid meit of griseofulvin in Pluronic F68. 
2 ^ urinar * W and its conjugate were followed over 7? hr. 
Results The maximum excretion rate of DG after the melt 
^n a ! a ^° n ,K raean ieVei 15 -8B-«9/hrl was significantly greater 
than after the micronized material (5.46 mg/hr) or the physical 
mixture (8.39 mg/hr). The rate of release of the drug frZ the 
physical mixture was not significantly greater than Lom the 
mxcromzed material. Total cumulat ive'excretion of DG after the 

:f g ~ Lti- 2 \: g) and the physicai mixtu " (s5 -° 3 

was greater than after the micronized material (41 72 ma) 
Bioavailability of griseofulvin was improved by 26.1-29% by 

P^ro"c Ffif U ^ d l b VL? t0 63 * 6% by ~ U P-Parations'with . 
F68 ?t f 68 *. {Scnmelzei nbettungen des Griseofulvins in Pluronic 

83 6 - 8 29238 830^0° f f * eiset ™* «* Bioverf uegbarkeit . ) . ° 
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carried out in 3 male Rhesus monkeys. A suspension of 
nonmicronized N in 5% tween 80/5% ethanol administered by gavage 
was used as a standard. Dosing procedures were standard except 
that the animals were sedated with 20 mg ketamine HC1 given i.m. 
5 min before dosage. Tablets were given 4 wk apart. Serum and 
urine levels of N were measured. The human bioavailability study 
on N was an open, 2-way, randomized, crossover, single-dose study 
in 20 healthy male volunteers. Results Weight and thickness 
variations and disintegration times were comparable between 
tablets made from micronized and nonmicronized N but the breaking 
strength of the former was greater. Uniformly higher 
concentrations in serum and urine showed more efficient 
absorption of microni2ed N in Rhesus monkeys. The levels were 
similar to those when N was administered as gavage. (W137/KD) . 
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administration of 200 rag of progesterone in seven subjects. 
Progesterone was plain milled, micronized, plain milled in oil, 
micronized in oil, or micronized in enteric-coated capsules. All 
patients exhibited a significant increase in serum progesterone 
levels after oral progesterone administration. Mean peak 
progesterone levels (30.3 +/- 7.0 ng/ml) (p less than 0.005) were 
achieved with micronized progesterone in oil at 2.0 +/-0.3 {p 
less than 0.05) hours after administration. Four types of oral 
progesterone had equivalent mean peak elevations and mean times 
to peak: plain milled, 9.6 */- 2.5 ng/ml at 4.0 +/- 0.5 hours; 
micronized 13.2 +Z-2.4 ng/ml at 3.2 +/- 0.4 hours; plain milled 
in oil, 11.3 +/- 3.0 ng/ml at 4.0 +/- 0.5 hours; and micronized 
in enteric-coated capsules, 11.2 +/- 3.0 ng/ml at 4.1 +/- 0.7 
hours. Contrary to traditional teaching, these data show that 
significant . serum progesterone levels can be achieved by oral 
administration. Absorption can be significantly improved by the 
physical characteristics of the progesterone and the vehicle used 
with oral administration. 
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AB Orlistat (tetrahydrolipstatin) reduces absorption of dietary fat 
by inhibiting lipases in the gastrointestinal tract. Since 
conventional bioavailability testing by pharmacokinetic methods 
is meaningless, 2 capsule formulations containing orlistat as 
microniued powder (A> or granules <B> ) were compared using the 
following pharmacological end-points: faecal fat excretion after 
multiple 3-^times -daily doses, and 14C-recovery in breath (breath 
test) and in faeces after single doses administered with 



